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Abstract
The nuclear recoil effect on the ground-state g factor of highly charged boronlike ions is considered within
the relativistic formalism. The interelectronic-interaction contribution is evaluated in the Breit approxima-
tion employing two independent approaches: the second-order perturbation theory and the configuration-
interaction Dirac-Fock-Sturm method. The uncertainty of the nuclear recoil g-factor contributions is signif-
icantly reduced, especially for low- and middle-Z ions.
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I. INTRODUCTION
The bound-electron g factor proved to be a versatile tool for fundamental physics [1, 2]. In
particular, the electron mass has been determined with the best precision to date from the g-factor
studies in H-like carbon and silicon [3, 4]. Few-electron ions, in particular, Li-like and B-like,
were found to be indispensable for deeper insights into the bound-state quantum electrodynamics
(QED) effects. Independent determination of the fine structure constant α has been proposed on
the basis of the specific difference of the g-factor values of H-like, Li-like, and B-like ions of the
same isotope [5, 6]. Following the high-precision g-factor measurements in H-like ions [7–10], the
experiments with Li-like silicon [11, 12] and calcium [13] have provided the most stringent tests of
the many-electron bound-state QED effects in the presence of external magnetic field [12, 14, 15].
Finally, the recent measurements in B-like argon [16, 17] within the ALPHATRAP project [18]
extend these tests to p states. While the experimental value of the g factor of the ground 2p1/2 state
is known to the ppb precision [16], for the first excited 2p3/2 state the uncertainty is about 10
−4
[17]. Nevertheless, in the anticipated experiments the 2p3/2-state g factor can be measured with
the ppb precision as well [18–20]. The experimental values for both states are in perfect agreement
with theory [16, 21–24].
Studies of the relativistic nuclear recoil effect can provide an access to the bound-state QED ef-
fects beyond the Furry picture (i.e., beyond the external field approximation) in the strong coupling
regime. The g factor of heavy ions is one of the best targets of these studies in view of anticipated
experimental and theoretical accuracy [25]. The recent measurement of the g-factor isotope shift
in Li-like calcium [13] demonstrated the feasibility of the corresponding experimental investiga-
tions. In this regard, we performed systematic calculations of the nuclear recoil correction to the g
factor of Li-like ions in the range Z = 3–92 [26, 27]. These calculations comprise the non-trivial
QED and interelectronic-interaction contributions of the first order in the electron-to-nucleus mass
ratio m/M . In the course of these investigations, we revealed the incompleteness of the previous
calculations [28–31].
We also extended these calculations to the ground state of B-like ions: the leading relativistic
effects were evaluated for Z = 10–20 in Ref. [32], while in Ref. [33] the contributions of ze-
roth order in 1/Z (the independent-electron approximation) were evaluated to all orders in αZ for
Z = 20–92. In both works, the interelectronic interaction was considered within the first-order
perturbation theory. In order to take into account the higher-order contributions to some extent,
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various effective screening potentials were introduced in the zeroth-order approximation. How-
ever, it was observed that the zeroth-order screening effect strongly underestimates the evaluated
first-order correction. Based on simple considerations, it was concluded that the second-order
correction cannot be seized by the first-order calculation with any screening potential. For this
reason, the uncertainty due to uncalculated second-order correction was estimated by the first-to-
zeroth order ratio multiplied by the first-order correction obtained in the pure Coulomb potential.
This uncertainty dominates for low-Z and middle-Z ions, even exceeding the total non-trivial QED
part for Z < 50. In particular, for B-like argon this uncertainty is only three times smaller than
the total theoretical g-factor uncertainty determined by the two-electron QED and higher-order
interelectronic-interaction contributions [16]. These contributions can be significantly improved
within the methods previously developed for Li-like ions [12, 14, 15]. In this case, the total the-
oretical uncertainty would be determined by the nuclear recoil effect, i.e., by the its second- and
higher-order interelectronic-interaction corrections.
In the present work, we improve significantly the theoretical accuracy of the nuclear recoil ef-
fect on the g factor of B-like ions. The total recoil contribution can be divided into the so-called
magnetic and nonmagnetic parts, the first one being much larger than the second one, except for
the very heavy ions. In order to eliminate the dominant uncertainty, the first-order perturbation-
theory results are complemented by the second-order correction to the magnetic part. This contri-
bution is found to be significant. As we expected, it is beyond the spread of the first-order results
obtained with different screening potentials. Moreover, the magnetic part is calculated indepen-
dently within the large-scale configuration-interaction Dirac-Fock-Sturm (CI-DFS) method. The
values obtained within the two methods are found in good agreement. As a result, we present the
most accurate to date values of the nuclear recoil effect on the g factor of B-like ions in the range
Z = 10–92. In particular, for the B-like argon ion the uncertainty of the nuclear recoil correction
is reduced by a factor of 10.
Relativistic units (~ = 1, c = 1) and Heaviside charge unit [α = e2/(4pi), e < 0] are employed
throughout the paper, µ0 = |e|/(2m) denotes the Bohr magneton.
II. THEORETICAL METHODS
Fully relativistic (QED) theory of the nuclear recoil effect in the first order in the electron-to-
nucleus mass ratio m/M was developed in Ref. [36]. The formulas obtained in this work were
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used to evaluate to all orders inαZ the nuclear recoil correction to the g factor of the 1s, 2s, and 2pj
states [25–27, 33, 37, 38]. At the same time, the leading relativistic nuclear recoil contributions can
be evaluated with the effective four-component operators [26] derived from the QED formalism
of Ref. [36]. In the present work we consider only this part, which can be termed as the Breit
approximation for the nuclear recoil effect. We note, that the nuclear recoil effect on the g factor
of atomic systems can be treated also within the framework of the two-component approach (see,
e.g., Ref. [34] and references therein). This approach allows one to evaluate the lowest-order
relativistic contributions, while the nonrelativistic operator was derived by Phillips [35].
The nuclear recoil correction to the atomic g factor within the Breit approximation is repre-
sented by the two effective relativistic operators [26, 36],
HmagnM = −µ0H
m
M
∑
i,j
{
[ri × pj ]z −
αZ
2rj
[
ri ×
(
αj +
(αj · rj)rj
r2j
)]
z
}
, (1)
HM =
1
2M
∑
i,j
[
pi · pj −
αZ
ri
(
αi +
(αi · ri)ri
r2i
)
· pj
]
, (2)
where the external magnetic fieldH is assumed to be directed along the z axis, α is the vector of
the Dirac matrices, and the summations run over all electrons of the system. The contribution of
HmagnM is given by the average value,
∆gmagn =
1
µ0HMJ
〈A|HmagnM |A〉 , (3)
where |A〉 is the many-electron wave function of the state under consideration with the total an-
gular momentum projectionMJ on the z axis. The contribution of HM is given by the following
perturbation theory expression,
∆gnonmagn =
2
µ0HMJ
∑
N
′ 〈A|HM |N〉〈N |Hmagn|A〉
EA − EN
, (4)
where the summation runs over the complete spectrum of the many-electron states |N〉 including
the single-particle negative-energy excitations. The prime here and below indicates that the terms
withEN = EA are excluded from the summation. The external-magnetic-field interaction operator
Hmagn is
Hmagn = µ0Hm
∑
j
[rj ×αj]z . (5)
Due to the relativistic origin of the nonmagnetic part, its contribution is generally much smaller
than that of the magnetic part. This rule is violated for s states, where the magnetic part also tends
to zero in the nonrelativistic limit.
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Within the independent-electron approximation, the many-electron wave function |A〉 of the
ground [(1s)2 (2s)2 2p] 2P1/2 state of boronlike ion is the Slater determinant constructed from the
corresponding eigenfunctions of the Dirac Hamiltonian,
hD = −iα · ∇+ βm+ V (r) . (6)
The spherically symmetric binding potential V (r) includes the nuclear potential Vnucl(r) and op-
tionally an effective screening potential Vscr(r), which can be introduced to account approximately
for the interelectronic interaction already in the zeroth order.
In order to take into account the interelectronic interaction beyond the effective-potential ap-
proximation, we consider the Dirac-Coulomb-Breit (DCB) Hamiltonian,
HDCB = Λ+
(∑
j
hD(j) +Hint
)
Λ+ , (7)
where the Coulomb-Breit interaction operator Hint reads,
Hint = α
∑
i<j
[
1
rij
−
αi ·αj
rij
−
1
2
(αi ·∇i)(αj ·∇j)rij
]
−
∑
j
Vscr(rj) , (8)
rij = |ri− rj |, and the positive-energy-states projection operator Λ+ is constructed as the product
of the one-electron projectors defined with respect to hD (6). The last term in Eq. (8) is needed to
restore the original DCB Hamiltonian in case the screening potential Vscr is introduced in hD.
The formulas (3) and (4) can be used to find the nuclear recoil contributions to the g factor
for some (approximate) solution |A〉 of the Dirac-Coulomb-Breit equation, HDCB|A〉 = EA|A〉.
For realization of this scheme, we employ the CI-DFS method [39], which has been successfully
applied for a wide variety of electronic-structure calculations. In particular, the interelectronic-
interaction contribution (without the recoil effect) to the g factor of B-like ions was obtained
within the CI-DFS method in Refs. [16, 22, 40]. The reference-state wave function |A〉 is found as
a linear combination of the configuration-state functions in the basis of the Dirac-Fock and Dirac-
Fock-Sturm orbitals. Then, the magnetic part ∆gmagn is simply calculated as the average value of
HmagnM (3). Evaluation of the nonmagnetic part (4) within the CI-DFS method is more complicated
and, at the same time, less important, due to its smallness. So, it is not considered in the present
work.
Alternatively, the perturbation theory with respect to Hint can be used. In this way, the zeroth-
order terms∆g
(0)
magn and∆g
(0)
nonmagn are obtained from Eqs. (3) and (4) with the wave functions |A〉
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and |N〉 constructed as the Slater determinants within the independent-electron approximation.
The first-order correction to the magnetic part reads,
∆g(1)magn =
2
µ0HMJ
(+)∑
N
′ 〈A|HmagnM |N〉〈N |Hint|A〉
EA − EN
, (9)
where the plus sign over the sum indicates that the intermediate |N〉 states are constructed as
the Slater determinants of the positive-energy one-electron states only. The first-order correction
∆g
(1)
nonmagn to the nonmagnetic part is given by the somewhat lengthy formula, which has been
given in a compact form in Ref. [33]. In that work, all contributions up to the first order in Hint
— ∆g
(0)
magn, ∆g
(1)
magn, ∆g
(0)
nonmagn, and ∆g
(1)
nonmagn — have been evaluated in the Coulomb and four
different screening potentials. The unknown contributions of the second and higher orders largely
determine the total uncertainty in the wide range of Z, up to Z ≈ 80. In this work, we evaluate
the second-order correction to the magnetic part of the nuclear recoil effect,
∆g(2)magn =
1
µ0HMJ

2 (+)∑
N1N2
′ 〈A|HmagnM |N1〉〈N1|Hint|N2〉〈N2|Hint|A〉
(EA − EN1)(EA − EN2)
−2 〈A|Hint|A〉
(+)∑
N1
′ 〈A|HmagnM |N1〉〈N1|Hint|A〉
(EA − EN1)
2
+
(+)∑
N1N2
′ 〈A|Hint|N1〉〈N1|H
magn
M |N2〉〈N2|Hint|A〉
(EA − EN1)(EA − EN2)
−〈A|HmagnM |A〉
(+)∑
N1
′ 〈A|Hint|N1〉〈N1|Hint|A〉
(EA −EN1)
2

 . (10)
This expression leads to a massive set of contributions (which can be also represented as dia-
grams) within the standard many-body perturbation theory (MBPT) approach, i.e., when the many-
electron wave functions |A〉, |N1〉 and |N2〉 are expanded in terms of the one-electron functions
(eigenfunctions of hD). In order to overcome this problem we follow the approach developed in
Ref. [41]. First, the finite basis set of the Slater determinants is constructed from the one-electron
basis of the dual-kinetically-balanced B-splines [42, 43]. Then, ∆g
(2)
magn is evaluated straightfor-
wardly according to Eq. (10), while the many-electron matrix elements are reduced to the one- and
two-electron ones by the computer code according to the well-known combinatorial algorithm.
In Ref. [41] the use of the recursive formulation of the perturbation theory was demonstrated
on top of the effective treatment of the many-electron matrix elements. Within this approach,
the contributions of the second and higher orders in Hint were evaluated for lithiumlike ions [26,
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27]. Extension of this approach to boronlike systems is in demand, however, it is hold back by
the fast growth of the many-electron basis set with respect to the number of excitations taken
into account. The presently considered second-order contribution ∆g
(2)
magn involves the single and
double excitations only, which makes it accessible for calculation.
III. RESULTS AND DISCUSSION
The Breit-approximation nuclear recoil contributions to the g factor of boronlike ions have been
evaluated to zeroth and first orders in the interelectronic interaction in Ref. [32] for Z = 10–20 and
in Ref. [33] for Z = 20–92. These works used different sets of the screening potentials, however,
the results were found to be in good agreement at the “junction point” Z = 20 [33]. In this work
we recalculate these contributions in the range Z = 10–18 with the same choice of the potentials
as in Ref. [33]. We also extend to this range of Z the calculations of the higher-order (in αZ)
two-electron contribution, which has been presented in Ref. [40] for Z = 18 and in Ref. [33] for
Z = 20–92. The higher-order one-electron contribution has been evaluated recently in the range
Z = 1–20 for 1s, 2s, 2p1/2 and 2p3/2 states [38].
The main focus of the present work is on the magnetic nuclear recoil contribution beyond
the first order of the perturbation theory. Table I displays the second-order correction ∆g
(2)
magn
evaluated according to Eq. (10) as described in the previous section. The calculations have been
performed for the Coulomb and four different screening potentials — core-Hartree (CH), Perdew-
Zunger (PZ) [44], Kohn-Sham (KS) [45], and local Dirac-Fock (LDF) [46]. We present the results
in terms of the coefficient C(αZ),
∆g(2)magn =
m
M
C(αZ)
Z2
, (11)
defined in line with the A(αZ) and B(αZ) coefficients in Refs. [32, 33]. So, the total magnetic
part can be found as,
∆gmagn = ∆g
(0)
magn +∆g
(1)
magn +∆g
(2)
magn =
m
M
[
A(αZ) +
B(αZ)
Z
+
C(αZ)
Z2
]
. (12)
In Table II we present the individual terms in the brackets in Eq. (12), the sum of the first two
terms A(αZ) + B(αZ)/Z, and the sum of all three terms. The results obtained with the different
potentials are given in the corresponding columns. The zeroth- and first-order coefficientsA andB
were calculated already in Refs. [32, 33], however, only the sum of the magnetic and nonmagnetic
parts was given, except for Z = 18 [32].
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The magnetic nuclear-recoil contribution has been also evaluated within the all-order multiref-
erence CI-DFS method. The employed one-electron basis set is 30s 31p 32d 33f 34g. All single
and double excitations from the (1s)2(2s)22p and (1s)2(2p)3 configurations are included. The
contribution of the triple excitations is estimated with the smaller basis set, 20s 21p 22d. The
results are presented in Table II in the lines labeled as “CI-DFS”. We note that these values are not
related to any zeroth-order potential, Coulomb or screening.
Five columns in Table II represent the different zeroth-order potentials for the perturbation-
theory results, the last column shows the “spread” of the screening-potential values. It is found as
a maximal absolute difference between any two of them, while the Coulomb value is not included.
The “spread” in the “CI-DFS” line is the absolute difference between the CI-DFS and the second-
order LDF values. We point out the following important observations:
1. The spread is getting smaller after each step of the perturbation theory.
2. The contribution of the next order is significantly larger than the spread at the previous step. So,
the precaution, based on the first-order results, that this spread cannot seize the unknown higher
orders is confirmed now for the second order as well.
3. The second-order results are much closer to the CI-DFS values than the first-order results
(except for the Coulomb potential for Z . 50). The differences between the second-order and the
CI-DFS values are larger than the second-order spread (in agreement with the previous clause),
but smaller than the second-order term C/Z2 itself. So, the perturbation series can be termed as
“convergent” at this level.
4. The results for the Coulomb potential demonstrate poor convergence of the perturbation series
for Z . 50. This is not surprising and can be explained by the near degeneracy of the (1s)2(2s)22p
and (1s)2(2p)3 configurations in the zeroth-order approximation.
Based on the above remarks, we take the CI-DFS values as the final ones for the magnetic part.
The uncertainty ascribed to these values equals the CI-DFS−LDF difference (“spread” in the CI-
DFS line). We accept this rather conservative estimation for the following reasons. The CI-DFS
uncertainty due to the basis size is currently estimated to be much smaller — from a few units for
low Z to less than 1 for high Z in the last presented digit. However, the observed peculiarities
of the perturbation series suggest that convergence of the all-order method might also be worse
than it seems. The complete investigation of this question requires further extensive computations.
There are also other sources of the total uncertainty that are discussed below.
The nonmagnetic part of the nuclear recoil effect on the g factor of boronlike ions is presented
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in Table III. The zeroth- and first-order terms, A(αZ) and B(αZ)/Z, are presented along with
their sum. The total g-factor contribution of the nonmagnetic part is,
∆gnonmagn = ∆g
(0)
nonmagn +∆g
(1)
nonmagn =
m
M
[
A(αZ) +
B(αZ)
Z
]
. (13)
The values obtained with the LDF potential are chosen as the final results. We estimate the un-
certainty due to the second- and higher-order interelectronic-interaction corrections as∆g
(1)
nonmagn ·
(∆g
(1)
nonmagn/∆g
(0)
nonmagn). The higher-order results obtained in this work for the magnetic part
demonstrate that this recipe proposed in Refs. [32, 33] can be considered reliable.
The nuclear recoil contribution within the Breit approximation is given by the sum of the mag-
netic and nonmagnetic parts,
∆gBreit = ∆gmagn +∆gnonmagn . (14)
The total nuclear recoil correction to the g factor is given by the sum of the Breit and QED terms,
∆grec = ∆gBreit +∆gQED . (15)
Here, ∆gQED comprises both the one- and two-electron higher-order (in αZ) contributions. The
Breit and QED terms are presented in Table IV along with their sum in terms of the function
F (αZ) defined by,
∆g =
m
M
F (αZ) . (16)
For FQED we take the values from Ref. [33] in the range Z = 20–92. For lower Z we evaluate it in
this work within the same methods for the LDF screening potential. The finite-nuclear-size effect
is partly taken into account for all contributions by using the corresponding potential Vnucl(r) in the
Dirac Hamiltonian (6). The Fermi model is employed to describe the nuclear charge distribution,
and the nuclear charge radii are taken from Ref. [47]. The uncertainty due to the finite-nuclear-size
effect has been discussed in Ref. [33], we follow the same algorithm here and add the uncertainties
quadratically. For the QED part, the uncertainty is obtained by multiplying ∆gQED by a factor of
2/Z.
In Table V, we present the nuclear recoil contribution to the g factor of several B-like ions
in the range Z = 10 − 60. We left out the lead and uranium ions, since the results are not
improved in comparison to the ones presented in Ref. [33]. The nuclear masses are taken from
the Ame2012 compilation [48] in accordance with Ref. [49]. The nuclear recoil correction to the
g factor of boronlike argon 4018Ar
13+ is now −9.174 (19)× 10−6, which is 10 times more accurate
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than the previous value −9.09 (19)× 10−6 [32]. This result represents an important step towards
improvement of the total theoretical g-factor value, which is in high demand in view of the recent
high-precision measurement [16]. The interelectronic-interaction and two-electron QED effects,
which are presently the main sources of uncertainty, can be evaluated to a better accuracy within
the approach developed previously for lithiumlike ions [12, 14, 15].
IV. CONCLUSION
The interelectronic-interaction contribution to the nuclear recoil effect on the ground-state g
factor of boronlike ions has been considered within the Breit approximation. The second-order
correction to the dominant magnetic part has been calculated within the perturbation theory start-
ing from the Dirac equation with an effective screening potential. The all-order results are ob-
tained within the configuration-interaction Dirac-Fock-Sturm method. The nonmagnetic part and
the nontrivial QED contributions are taken into account as well. The results are presented for the
wide range of the nuclear charge number Z = 10–92, the uncertainty is significantly improved for
low and middle Z ions. These results are important in view of the planned and already performed
high-precision g-factor measurements for boronlike ions.
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Table I: The second-order interelectronic-interaction correction
∆g
(2)
magn to the magnetic nuclear recoil contribution to the ground-
state g factor of B-like ions evaluated within the Breit approxima-
tion. The results are expressed in terms of the function C(αZ)
defined by Eq. (11).
Z Coul CH PZ KS LDF
10 51.0 (3) −2.949 (10) −2.605 (10) −1.845 (10) −2.675 (10)
12 35.7 (2) −2.891 (9) −2.531 (8) −1.981 (9) −2.612 (9)
14 26.5 (1) −2.832 (8) −2.474 (8) −2.036 (8) −2.561 (8)
16 20.5 (1) −2.768 (8) −2.417 (8) −2.052 (8) −2.508 (8)
18 16.45 (8) −2.694 (8) −2.353 (8) −2.041 (8) −2.445 (8)
20 13.54 (6) −2.607 (8) −2.276 (8) −2.007 (8) −2.370 (8)
30 6.75 (3) −1.997 (7) −1.728 (7) −1.613 (7) −1.817 (7)
40 4.51 (1) −1.447 (7) −1.221 (7) −1.169 (7) −1.300 (7)
50 3.62 (1) −1.198 (7) −0.995 (7) −0.946 (7) −1.068 (7)
60 3.28 (1) −1.135 (6) −0.954 (6) −0.903 (6) −1.020 (6)
70 3.227 (8) −1.120 (6) −0.970 (6) −0.928 (6) −1.023 (6)
80 3.357 (7) −1.097 (6) −0.985 (6) −0.961 (6) −1.017 (6)
82 3.402 (7) −1.089 (6) −0.985 (6) −0.967 (6) −1.014 (6)
90 3.649 (6) −1.047 (6) −0.978 (5) −0.984 (6) −0.987 (6)
92 3.730 (5) −1.034 (5) −0.974 (5) −0.987 (5) −0.978 (5)
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Table II: The magnetic part of the nuclear recoil effect on the g fac-
tor of B-like ions for the Coulomb and different effective screen-
ing potentials. The contributions of the zeroth (A), first (B/Z),
and second (C/Z2) orders in the interelectronic interaction are
presented together with their sum, see Eqs. (11) and (12). The
“spread” is found as the maximal absolute difference between all
screening-potential values.
Z Term Coul CH PZ KS LDF spread
10 A −0.77882 −0.67297 −0.67129 −0.65265 −0.66913 0.02032
B/Z 0.18590 0.12193 0.11844 0.09351 0.11657
A+B/Z −0.59292 −0.55103 −0.55285 −0.55914 −0.55257 0.00811
C/Z2 0.51001 −0.02949 −0.02605 −0.01845 −0.02675
A+B/Z + C/Z2 −0.08291 −0.58052 −0.57890 −0.57759 −0.57931 0.00293
CI-DFS −0.5750 0.0043
12 A −0.77900 −0.69748 −0.69561 −0.68230 −0.69427 0.01518
B/Z 0.15488 0.10182 0.09844 0.08183 0.09741
A+B/Z −0.62412 −0.59566 −0.59716 −0.60047 −0.59686 0.00481
C/Z2 0.24793 −0.02008 −0.01758 −0.01376 −0.01814
A+B/Z + C/Z2 −0.37619 −0.61573 −0.61474 −0.61422 −0.61501 0.00151
CI-DFS −0.6116 0.0035
14 A −0.77922 −0.71297 −0.71119 −0.70096 −0.71031 0.01201
B/Z 0.13273 0.08703 0.08406 0.07185 0.08344
A+B/Z −0.64649 −0.62594 −0.62713 −0.62911 −0.62686 0.00317
C/Z2 0.13518 −0.01445 −0.01262 −0.01039 −0.01307
A+B/Z + C/Z2 −0.51132 −0.64038 −0.63975 −0.63950 −0.63993 0.00088
CI-DFS −0.6373 0.0026
15
16 A −0.77947 −0.72366 −0.72204 −0.71379 −0.72143 0.00987
B/Z 0.11610 0.07584 0.07327 0.06371 0.07289
A+B/Z −0.66336 −0.64783 −0.64877 −0.65007 −0.64854 0.00224
C/Z2 0.08020 −0.01081 −0.00944 −0.00802 −0.00980
A+B/Z + C/Z2 −0.58316 −0.65864 −0.65821 −0.65809 −0.65834 0.00055
CI-DFS −0.6564 0.0019
18 A −0.77975 −0.73153 −0.73007 −0.72318 −0.72964 0.00835
B/Z 0.10318 0.06711 0.06489 0.05709 0.06466
A+B/Z −0.67657 −0.66442 −0.66518 −0.66609 −0.66498 0.00167
C/Z2 0.05078 −0.00832 −0.00726 −0.00630 −0.00755
A+B/Z + C/Z2 −0.62579 −0.67274 −0.67244 −0.67239 −0.67253 0.00035
CI-DFS −0.6711 0.0014
20 A −0.78006 −0.73759 −0.73628 −0.73038 −0.73598 0.00721
B/Z 0.09283 0.06013 0.05820 0.05163 0.05806
A+B/Z −0.68724 −0.67746 −0.67808 −0.67875 −0.67792 0.00129
C/Z2 0.03386 −0.00652 −0.00569 −0.00502 −0.00592
A+B/Z + C/Z2 −0.65338 −0.68398 −0.68377 −0.68377 −0.68384 0.00021
CI-DFS −0.6828 0.0011
30 A −0.78215 −0.75533 −0.75456 −0.75116 −0.75452 0.00417
B/Z 0.06178 0.03924 0.03820 0.03459 0.03825
A+B/Z −0.72037 −0.71609 −0.71636 −0.71657 −0.71627 0.00048
C/Z2 0.00750 −0.00222 −0.00192 −0.00179 −0.00202
A+B/Z + C/Z2 −0.71288 −0.71830 −0.71828 −0.71836 −0.71829 0.00008
CI-DFS −0.7181 0.0002
16
40 A −0.78509 −0.76521 −0.76478 −0.76240 −0.76479 0.00281
B/Z 0.04625 0.02880 0.02823 0.02576 0.02829
A+B/Z −0.73884 −0.73641 −0.73655 −0.73664 −0.73650 0.00023
C/Z2 0.00282 −0.00090 −0.00076 −0.00073 −0.00081
A+B/Z + C/Z2 −0.73602 −0.73731 −0.73731 −0.73737 −0.73731 0.00006
CI-DFS −0.73734 0.00003
50 A −0.788889 −0.772855 −0.772677 −0.770847 −0.772658 0.002008
B/Z 0.036958 0.022512 0.022248 0.020370 0.022262
A+B/Z −0.751931 −0.750342 −0.750429 −0.750477 −0.750397 0.000135
C/Z2 0.001447 −0.000479 −0.000398 −0.000378 −0.000427
A+B/Z + C/Z2 −0.750484 −0.750821 −0.750827 −0.750855 −0.750824 0.000034
CI-DFS −0.75085 0.00003
60 A −0.793550 −0.779912 −0.779935 −0.778452 −0.779858 0.001483
B/Z 0.030798 0.018296 0.018263 0.016754 0.018208
A+B/Z −0.762752 −0.761616 −0.761672 −0.761698 −0.761650 0.000082
C/Z2 0.000911 −0.000315 −0.000265 −0.000251 −0.000283
A+B/Z + C/Z2 −0.761841 −0.761931 −0.761937 −0.761949 −0.761933 0.000018
CI-DFS −0.76195 0.00001
70 A −0.799063 −0.787029 −0.787229 −0.785988 −0.787074 0.001241
B/Z 0.026438 0.015272 0.015432 0.014177 0.015293
A+B/Z −0.772625 −0.771757 −0.771797 −0.771811 −0.771781 0.000054
C/Z2 0.000659 −0.000229 −0.000198 −0.000189 −0.000209
A+B/Z + C/Z2 −0.771966 −0.771986 −0.771995 −0.772000 −0.771990 0.000014
CI-DFS −0.77200 0.00001
17
80 A −0.805355 −0.794453 −0.794819 −0.793762 −0.794572 0.001057
B/Z 0.023200 0.012998 0.013333 0.012268 0.013098
A+B/Z −0.782155 −0.781454 −0.781487 −0.781494 −0.781474 0.000040
C/Z2 0.000525 −0.000171 −0.000154 −0.000150 −0.000159
A+B/Z + C/Z2 −0.781630 −0.781625 −0.781641 −0.781644 −0.781633 0.000019
CI-DFS −0.78163 0.00000
82 A −0.806700 −0.795984 −0.796383 −0.795358 −0.796116 0.001025
B/Z 0.022650 0.012610 0.012977 0.011946 0.012723
A+B/Z −0.784050 −0.783374 −0.783406 −0.783412 −0.783393 0.000038
C/Z2 0.000506 −0.000162 −0.000147 −0.000144 −0.000151
A+B/Z + C/Z2 −0.783544 −0.783536 −0.783553 −0.783556 −0.783544 0.000020
CI-DFS −0.78354 0.00000
90 A −0.812340 −0.802283 −0.802811 −0.801906 −0.802461 0.000905
B/Z 0.020686 0.011227 0.011723 0.010815 0.011386
A+B/Z −0.791654 −0.791056 −0.791088 −0.791091 −0.791075 0.000035
C/Z2 0.000451 −0.000129 −0.000121 −0.000122 −0.000122
A+B/Z + C/Z2 −0.791203 −0.791185 −0.791209 −0.791213 −0.791197 0.000028
CI-DFS −0.79120 0.00000
92 A −0.813803 −0.803894 −0.804455 −0.803577 −0.804082 0.000878
B/Z 0.020244 0.010918 0.011446 0.010566 0.011087
A+B/Z −0.793559 −0.792976 −0.793009 −0.793011 −0.792995 0.000035
C/Z2 0.000441 −0.000122 −0.000115 −0.000117 −0.000115
A+B/Z + C/Z2 −0.793118 −0.793098 −0.793124 −0.793128 −0.793110 0.000030
CI-DFS −0.79312 0.00001
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Table III: The nonmagnetic part of the nuclear recoil effect on
the g factor of B-like ions for the Coulomb and different effec-
tive screening potentials. The contributions of the zeroth (A) and
first (B/Z) orders in the interelectronic interaction are presented
together with their sum.
Z Term Coul CH PZ KS LDF
10 A 0.001010 0.000784 0.000817 0.000819 0.000797
B/Z −0.000226 −0.000035 −0.000073 −0.000092 −0.000047
A+B/Z 0.000784 0.000749 0.000744 0.000727 0.000750
12 A 0.001458 0.001180 0.001221 0.001221 0.001197
B/Z −0.000274 −0.000029 −0.000076 −0.000092 −0.000047
A+B/Z 0.001185 0.001151 0.001145 0.001130 0.001150
14 A 0.001990 0.001660 0.001710 0.001708 0.001681
B/Z −0.000322 −0.000025 −0.000080 −0.000093 −0.000047
A+B/Z 0.001668 0.001635 0.001629 0.001615 0.001634
16 A 0.002608 0.002225 0.002283 0.002279 0.002250
B/Z −0.000372 −0.000021 −0.000086 −0.000096 −0.000048
A+B/Z 0.002236 0.002204 0.002197 0.002184 0.002202
18 A 0.003313 0.002877 0.002943 0.002938 0.002906
B/Z −0.000424 −0.000019 −0.000092 −0.000100 −0.000049
A+B/Z 0.002889 0.002858 0.002851 0.002838 0.002856
20 A 0.004107 0.003616 0.003692 0.003685 0.003649
B/Z −0.000477 −0.000017 −0.000099 −0.000105 −0.000052
A+B/Z 0.003630 0.003600 0.003592 0.003580 0.003598
30 A 0.009500 0.008718 0.008843 0.008830 0.008774
B/Z −0.000778 −0.000022 −0.000156 −0.000154 −0.000081
A+B/Z 0.008722 0.008696 0.008687 0.008676 0.008693
19
40 A 0.017568 0.016450 0.016640 0.016622 0.016534
B/Z −0.001156 −0.000057 −0.000258 −0.000251 −0.000144
A+B/Z 0.016413 0.016393 0.016382 0.016371 0.016390
50 A 0.028922 0.027401 0.027679 0.027659 0.027520
B/Z −0.001637 −0.000130 −0.000421 −0.000411 −0.000253
A+B/Z 0.027285 0.027271 0.027258 0.027248 0.027267
60 A 0.044507 0.042488 0.042889 0.042872 0.042653
B/Z −0.002255 −0.000244 −0.000661 −0.000655 −0.000414
A+B/Z 0.042252 0.042244 0.042228 0.042217 0.042239
70 A 0.065792 0.063140 0.063718 0.063714 0.063369
B/Z −0.003043 −0.000396 −0.000993 −0.001000 −0.000630
A+B/Z 0.062749 0.062745 0.062724 0.062714 0.062739
80 A 0.095116 0.091640 0.092479 0.092506 0.091958
B/Z −0.004038 −0.000565 −0.001431 −0.001470 −0.000891
A+B/Z 0.091078 0.091075 0.091048 0.091036 0.091067
82 A 0.102243 0.098573 0.099480 0.099516 0.098914
B/Z −0.004262 −0.000596 −0.001531 −0.001580 −0.000945
A+B/Z 0.097981 0.097978 0.097949 0.097936 0.097969
90 A 0.136238 0.131675 0.132915 0.133006 0.132124
B/Z −0.005227 −0.000672 −0.001950 −0.002055 −0.001133
A+B/Z 0.131011 0.131003 0.130964 0.130950 0.130991
92 A 0.146358 0.141539 0.142882 0.142993 0.142022
B/Z −0.005477 −0.000670 −0.002054 −0.002180 −0.001165
A+B/Z 0.140880 0.140869 0.140828 0.140813 0.140856
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Table IV: The Breit, QED, and total nuclear recoil contributions
of the first order in the electron-to-nucleus mass ratio m/M to
the ground-state g factor of B-like ions expressed in terms of the
function F (αZ) defined by Eq. (16).
Z FBreit(αZ) FQED(αZ) Frec(αZ)
10 −0.5743 (43) 0.000013 (4) −0.5743 (43)
12 −0.6104 (35) 0.000024 (5) −0.6104 (35)
14 −0.6357 (26) 0.000039 (7) −0.6357 (26)
16 −0.6542 (19) 0.000060 (10) −0.6541 (19)
18 −0.6682 (14) 0.000087 (12) −0.6681 (14)
20 −0.6792 (11) 0.00012 (1) −0.6790 (11)
30 −0.7095 (2) 0.00041 (3) −0.7090 (2)
40 −0.7210 (1) 0.00094 (5) −0.7200 (1)
50 −0.7236 (1) 0.0018 (1) −0.7218 (1)
60 −0.7197 (1) 0.0029 (1) −0.7168 (1)
70 −0.7093 (2) 0.0045 (1) −0.7048 (2)
80 −0.6906 (3) 0.0070 (2) −0.6836 (4)
82 −0.6856 (4) 0.0077 (2) −0.6779 (5)
90 −0.6602 (10) 0.0121 (3) −0.6481 (11)
92 −0.6523 (13) 0.0138 (4) −0.6384 (13)
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Table V: Nuclear recoil contribution of the first order in the
electron-to-nucleus mass ratio m/M to the ground-state g factor
of selected B-like ions in the range Z = 10− 60.
Ion (m/M) · 106 ∆grec · 10
6
20
10Ne
5+ 27.4469 −15.76 (12)
24
12Mg
7+ 22.8780 −13.96 (8)
28
14Si
9+ 19.6137 −12.47 (5)
32
16S
11+ 17.1628 −11.226 (33)
40
18Ar
13+ 13.7308 −9.174 (19)
40
20Ca
15+ 13.7311 −9.323 (15)
48
20Ca
15+ 11.4427 −7.770 (13)
120
50 Sn
45+ 4.57628 −3.3033 (5)
142
60 Nd
55+ 3.86665 −2.7717 (6)
22
